The Rauer Islands contain more than fifty shallow lakes and small ephemeral ponds. Despite their proximity to the Vestfold fills -one of the most diverse and intensively studied lake districts of eastern Antarctica -the lakes of the Rauer Islands have remained undescribed. In this study the physical and chemical limnology and biology of ten lakes is presented and their species-environment relationships explored using multivariate statistics. Analyses of chemical and biological data indicate that the Rauer Islands form a distinct limnological province amongst the lakes of the Pry& Bay oases. Salinities range from hypo-to hyper-saline with an ionic order close to that of seawater. Deviance from this order indicates either an earlier origin for some of the most hypersaline lakes when compared with the Vestfold Hills, more rapid evaporation vs precipitation or differences in the sources of ions resulting from isostatic history. With fluctuating salinities, winter water temperatures below -lO°C, seasonal ice and slush formation, desiccation and high levels of solar radiation, the lacustrine environment presents considerable abiotic challenges for biological survival. Results indicate that there is little or no planktonic flora in the lakes and no zooplankton were encountered. Despite this, analyses of pigments, diatoms and other micro-algae revealed an active and diverse benthic biota characterized by filamentous cyanobacteria with interstitial algae. Thirty-eight diatom taxa, and a selection of Chlorophyta and Xanthophyta were detected amongst the cyanobacteria. Clusters in the diatom data correspond to salinity. Further analyses of the relationships between the biota and their environment revealed some of the strategies employed for survival. In particular, the synthesis of scytonemin was detected. This pigment is known to function as an extracellular UV sunscreen which protects cyanobacterial cells against damage by ultraviolet radiation. These results support the hypothesis that environmental extremes and biogeographical isolation control the biology of these lakes.
Introduction
The Rauer Islands are a coastal archipelago of ice-free islands situated in southeastern Pry& Bay (between 68"45'S and 68'55's and 77'30'E and 78"OO' E) c. 30km south of the Australian Davis station in Vestfold Hills (Fig. 1) . The group includes 10 major islands and promontories emerging from under the polar ice sheet together with numerous minor islands covering a total area of some 300 km'. They are separated from the Vestfold Hills by the Srarsdal Glacier.
The islands were discovered in 1935 by the Norwegian Captain Klarius W e l s e n and named after Rauer Island in Oslofjorden, Norway. Lars Christensen returned in 1936137 and oblique aerial photographs resulted in the first maps of the area (Hansen 1946) . P.G. Law visited the Rauer Islands in the KistaDanin 1953154andin 1956aSovietexpeditionconducted further aerial photography. Following this several visits have been made overland from Davis, and in more recent years, by helicopter. The first biological investigation of the Rauer Islands was in 1973 when K.R. Keny, D.R. Grace and D.E. Rounsevell (unpublished data) visited a number of the islands to carry out bird surveys. More recent expeditions have continued to study the avian fauna of the islands (Amould & Whitehead 1991 , Bhikharidas et al. 1992 and their geology (Harley 1987 , Kinny el al. 1993 , Harley et al. 1998 .
The climate is dominated by dry katabatic winds from the continental plateau ameliorated by moist oceanic winds from the north-west. The mean annual temperature at nearby Davis station (Vestfold Hills) is -10°C and monthly mean temperatures range from 0.5 to -18°C and annual mean cloud cover is 60%. No data on annual precipitation are available.
However, the amount is thought to be small with snowdrifts forming in winter in shelteredareas and as snow-tails. Snowfall occurs throughout the year but is quickly removed by ablation and melting in summer. Like the Vestfold ails the Rauer Islands are therefore essentially snow-free in summer (Burton & Campbell 1980) .
The topography consists of low and hummocky knolls rising to a maximum altitude of 137 m but mostly lying between 10 m and 60 m in height. The geology consists of Precambrian metamorphic rock with Holocene glacial and 4 kilometres marine deposits with intervening till, gravel and loess filled valleys, some of wliich are below sea-level (Harley 1987) . Depressions in these valleys produced by glacial corrosion are occupied by a series of lakes and small ephemeral ponds.
Although not previously described, the lakes of the Rauer Islands have probably originated in a similar manner to those in the nearby Vestfold Hills. Here, low altitude (< 9.5-20 in) lakes evolved from seawater trapped in basins after isostatic land uplift, caused by the recession of the continental ice cap from the region following the last Ice Age between 13000-8000 yr BP (Johnstone et al. 1973 , Adamson & Pickard 1983 , Roberts & McMinn 1999a . Evidence in the Vestfold Hills of Contour interval: 20 m Projection: Lambert Conformal Conic marine organisms deposited in the soil indicate that these low lying areas were below sea level before the land rose following glacial retreat. Since then the original seawater and annual melt water from snow has evaporated from the coastal basins and concentrated the ions forming brackish and saline lakes. In the higher altitude lakes (> 9.5-20 m) the latter process dominates. A similar mode of formation has been proposed for lakes in Bunger Hills (Kaup el al. 1993 ).
On 22 December 1997, with the logistic support of the Australian Antarctic Division, a helicopter was made available for a brief 3-hour reconnaissance of the Island's lakes. The first aim was to sample a cross-section of the lakes, to describe https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0954102001000372 Downloaded from https://www.cambridge.org/core. IP address: 54.70.40.11, on 12 Oct 2018 at 18:53:58, subject to the Cambridge Core terms of use, available at their physical and chemical liinnology and to carry out a biological survey. The second aim was to describe the ecology of the lakes by relating biological communities to the physical and chemical characteristics of their environment using multivariate statistics. The final aim was to identify some of the ecological strategies employed by the biota to survive in this challenging environment.
Methods

Sampling sites
Ten lakes were sampled from Filla Island, Hop Island, Torckler Island, Pchelka Island, Shcherbinina Island and two unnamed islands in the northern Rauer Islands. In the absence of any approved names, the lakes were numbered 1-10 (Fig. 1) .
Water chemistry
pH, conductivity, salinity, oxygen and turbidity were measured in the laboratoy on the day of sampling using a YSI6000 field meter. Alkalinity was detenninedvia Gran titration (Golterman et al. 1978) . For nutrient analysis two litres of water were filtered through Whatman 0.45 pm GF/C filters, frozen in the field, and returned to Australia. Simultaneous analysis of reactive silicate SO,, nitrate plus nitrite NO, +NO,, dissolved inorganic phosphate PO,, Total Nand Total P were carried out on an ALPKEM auto analyser at the CSIRO in Hobart following the methods of Eriksen (1997) . Ammonia (NH,) was determined spectrophotometrically . Analyses of anions Chloride C1 (APHA 4500-Cl-B), Sulphate SO, (APHA 4500-SO,=E),) and cations Calcium Ca (APHA 3500-Ca B), Magnesium Mg (APHA 3500-Mg B), Sodium Na (APHA 3500-Na B), Potassium K (APHA 3500-K B), TOC (APHA 53 10 C -using persulfate-W digestion & IR detection) and
DOC(APHA351OC -asforTOCafterfiltrationthroughacid
washed GF/C filters) were carried out at the Water Quality Laboratory, Deakin University using American Public Health Association standard methods (Clesceri et al. 1998) . The limit of detection for both methods was 0.01 mgl.
Biological sampling
To detect pigmented biota in the water column, two litres of water were collected from the littoral zone of the lakes and passed through a Whatman GF/C filter from which pigments were then extracted. Benthic pigments were extracted from bulk sediments collected from c. 1 m water depth. Extraction and HPLC analysis protocols are described in Hodgson et al. (1997 Hodgson et al. ( , 1998 (Leavitt & Findlay 1994 , Leavitt et al. 1997 , Verschuren et al. 1999 .
Live samples of microbial mat (including cyanobacteria, diatoms and other micro algae) were collected from the littoral zone of all the lakes and stored under light in sterile culture tubes containing growth media. Samples of microbial mats were also frozen for use in community composition studies. Diatomfrustules were countedfromeach ofthe lakesfollowing digestion of organic matter by H,O, and mounting in Naphrax. No zooplankton or zoobenthos were encountered.
Ecological modelling and statistical analyses
Statistical explorationofthe diatom and pigment data sets and their relationship with the environmental data was performed using direct and indirect ordination analyses. All analyses were carried out using Canoco 4.0 for Windows (ter Braak & Smilauer 1998). Diatom and chemical data was further compared with other lake oases in Prydz Bay using a reference data set of 60 lakes from the Bolingen Islands and the Larsemann Hills. This was added to a published data set of 3 3 lakes from the Vestfold Hills (Roberts & McMinn 1996) bringing the total reference dataset to 103.
Descriptions of the study lakes
There was no ice cover at the time of sampling. Summer melt was in progress and wet rock surfaces in the vicinity of catchment snowmelt patches were colonized by dark-coloured cyanobacteria spp. Many of the lake basins have a relict outflow several metres above the present water level but have since evaporated to become closed systems. Terraces and ridges marked with strand lines indicate earlier water levels. Lake locations and morphometric features are listed in Table I and photographs of the lakes are shown in Fig. 3 .
Rauer 1 has several basins and is one of the deeper lakes on Filla Island. Terraces are visible around the lake, particularly at c. 1 m above the present level. During periods of higher water level the lake appears to have merged with several others in the same valley forming the much larger water body evident on earlier maps (Hansen 1946) . In late December the catchment contained numerous snowmelt patches from which meltwater run offwas transporting silts and sands into the lake via small gullies.
Rauer 2, also on Filla Island, occupies a small catchment. The lake has distinct terraces at I .5-2 m above the present level but, at the time of sampling, less than 1 mdeep for c. 70% of its total area with a deep spot of c. 3 m in the centre.
Rauer 3 is a small lake on Filla Island. taken place. Rauer 4, the largest lake on Hop Island (c. 6.6 ha) has the appearance of a shallow hypersaline evaporation basin. The lake is surrounded by salt crusts and has raised salt crust polygons scattered along the shoreline and across its basin. There is a distinct terrace at c. 1 m above the present level above which water could flow to the sea across a depression to the east side facing Flag Island. Hop Island has a large Adelie penguin colony and penguin footprints indicate that they visit the catchment.
Rauer 5 is a long narrow lake situated in a small geological 'rift' on Torckler Island. The lake is shallow with a rocky substrateandalargelittoralareaoffinesiltsat itsseawardend. Rock cliffs on either side show little evidence of strand lines.
The lake is separated from the sea by a rise of c. 1 m above the current water level.
Rauer 6, also on Torckler Island, is a small shallow evaporation basin. The shoreline is surrounded by salt- deposits and there are raised salt-crusts scattered across the basin. Many Laternula shells were found in the littoral zone indicating the marine origin of the site.
Rauer 7 on Pchelka Island is an evaporation basin with no significant terraces on the surroundmg rocks but several 'saltmarked' strand lines on the gravels of the littoral zone. Cyanobacterial mats, about 0.5 cm thick were present on a grey clayey sediment.
Rauer 8 on Shcherbinina Island shows less visual evidence of saline water when compared with other lakes in the Rauer Islands. A 1 m rise in water level would be necessav to effect outflow of the lake into a valley on its eastern side, and from there, into the sea. Abundant cyanobacterial mats (c. 3 mm thick) were present on the surface of littoral silts. Many birds nest in the catchment and skua predation is evident with numerous snow petrel carcasses. Rauer 9 occupies a natural snow-trap and was abundantly supplied with meltwater at the time of sampling. More than 90% of the catchment traps snow during the winter months, which is then reduced to c. 20%cover in early summer. There is evidence of previous water levels up to 1.5 m higher, above which lake water would flow to the sea. Many suspended particles in the water column are probably derived from the active melting, which was evident in the catchment. Welldeveloped cyanobacterial mats were present interstitially with littoral sands. Birds were nesting in the catchment. Rauer 10 is a small cirque-like catchment with an outflow to the sea. When sampled the outflow was active and the lake at its maximum water level due to abundant snowmelt. The lake was thereforebeingflushed with freshmeltwaterat the timeof sampling which will have influenced water chemical measurements to a greater degree than is probable at other times of year. Sediments were sandy with some evidence of interstitial cyanobacterial mats.
Results
Chenircal composition of the lake water
The lakes range from hypo-to hypersaline withconductivities between 3.55 and 13 1.5 mS cm-' (Table 11, Fig. 3 ). The water is chloride dominatzd. Rauers 1-3 have an ionic order of C1-Na-Mg-SO,-K-Ca-HCO, and Rauers 4-10 have an ionic order of CI-Na-SO,-Mg-K-Ca-HC03 which compares closely with the ionic order of local seawater. Ternary plots of anion and cation composition (normalized data) compared with other lakes from the Prydz Bay region show that greater proportions ofNa and K distinguish the cation composition of the Rauer Island lakes (Fig. 4) . Anions also differ in the dominance of C1 and a wider range of SO, values (0-45%). Organic chemistry measurements indicate low to undetectable levels of nutrients and organic carbon (Table 111) . Ammonium was in marginally higher concentration than the value for local seawater (sampled in December). Phosphate (PO,) was found in lower levels than local seawater and nitrate was below statistically acceptable detection limits. Silicate ranges from 1.3 @ I in Rauer 10 to 1 12.5 pM in Rauer 8. TOC was detected in Rauers 2-4 and DOC in Rauer 4 only.
Biology
Pigments were used as an aggregate measure of pigmented micro algal biomass in both planktonic water samples and benthic surface sediments. Chlorophylls, and to a greater extent, accessory pigments, can give an accurate representation of biomass (cf. Schmidt ef al. 1998). Some groups of algae and bacteria can be differentiated using signature pigments. With the exception of the diatoms, there is no microscopic analysis to support the pigment data.
Pigment data from the water column indicate that there is little or no planktonic flora in the lakes with the exception of Rauer 9 in whch the main green algal pigments are represented (Table IV) . However, data from the surface sediments indicates an active and diverse benthos (Table V) . Rauers 7, 8 & 9 contain abundant filamentous cyanobacteria (scytonemin, echinenone, myxoxanthophyll, canthaxanthin), diatoms (lutein-zeaxanthin, diatoxanthin, diadinoxanthin), green algae (chlorophyll b ) and a high relative biomass ofall photosynthetic green algae andcyanobacteria (chlorophyll aand itsderivatives, PP-carotene). Rauers 2 and 4 show a low relative biomass (chlorophyll a) dominated by cyanobacteria (scytonemin, echinenone) and lower concentrations of diatoms (hcoxanthin, diatoxanthin). Rauer 10 had a similarly weak signal with only cyanobacteria being detected (scytonemin). Finally, Rauers 1, 3, 5 & 6 had a very low biomass indicated by a weak to indistinguishable pigment signal.
Principal Components Analysis (PCA) was used to explore the variation in micro algal composition of the Rauer lakes using their benthic surface sediment pigment composition (Fig. 5) . The first two principal components captured 42.68% and 23.06% of the variation in the pigment data: the third and fourth components accounted for 16.8% and 7.97% respectively. The data show that Rauers 7-9 are characterized by a diverse range of pigments. Rauer 4 is characterized by relatively high abundances of scytonemin and its derivatives and Rauer 2 by scytonemin and chlorophyllide a. Rauers 1,3, 5 and 6 with extremely low pigment concentrations cluster at the negative end of the PCA axes.
Benthic cyanobacteria: The benthic flora of the lakes is dominated by cyanobacteria (Fig. 6 ). Several distinct morphologies were found. The most common are cyanobacteria living as a mucilaginous interstitial film within a coarse sand matrix. In the remaining lakes cyanobacteria are primarily epilitluc (Rauer 1,2) or a combination ofepipsammic and unattached mat 'flakes' (Rauer 7). PCA was used to explore further the variation in diatom composition of the Rauer lakes (Fig. 9) . Diatom community structure was characterized in all lakes by the strong dominance of only a few species. The first two principal components captured 62% of the variation in the diatom species data; the third and fourth components accounted for 10.2% and 8.9%, respectively. Three clusters of lakes could be distinguished, corresponding to the hypersaline lakesRl-R6, the mesosaline R7 and R9 and the hyposaline lakes R8 and R10 (Fig. 9) . The most common species, Nuvicula sp. 1 (Fig. 7) , belonging to a species cluster with N. 
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Discussion
Water chemistry
Water chemistry data indicate that the Rauer Islands form a distinct limnological province amongst the lakes of the Prydz Bay oases. The Rauer Islands' lakes can be arbitrarily classified as hypersaline (R1-6) mesosaIine (R7 and 9) and hyposaline (R8 and 10). They are distinguished by a higher proportion of the major cations Na + K than lakes from Vestfold Hills, Bolingen Islands, marine samples from Nella Fjord and most of the lakes of Larsemann Hills (though there is some overlap with the latter). These elevated concentrations may indicate that the Rauer Islands lakes are older than coastal saline lakes in Vestfold Hills, allowing more time for evaporation or that they have a local cliinate favouring evaporation and hence a more rapid concentration of seawater ions (cf. Vestfold Hills saline lakes, Ferris et al. 1988). Dominance of C1 and Na and the distinct domination of Mg over Ca indicate that the salts are mainly of marine origin. This suggests that the water has been isolated in the lake basins by isostaticupliftfollowinga general pattern inEastern Antarctica (e.g. Masuda et al. in Fems et al. 1988) . Further concentration of the salts may have occurred through the evaporation of freshwater from catchment snowmelt. This is particularly evident from the chlorinity which is 3.7-6.2 times seawater in Rauers 1-6, with the greater the salinity of the lake, the less correspondence with seawater ionic ratios (cf. Moriwaki el al. 1975) .
Hypersaline lakes (R-6):
Despite meltwater from catchment snow-fields, the hypersaline lakes appear to have been experiencing a net annual loss of water and have become reduced in size to the extent that they no longer have active outflows. Declining water levels are indicated by beach lines marking earlier water levels. Mg/Ca ionic ratios exceed the value calculated for local seawater and may indicate precipitation of CaCO, (cf. Kaup et al. 1993) . Rauers 4 and 6 are distinguished by their shallow depth, the absence of large snowmelt patches in their catchments and their resulting tendency to complete dryness. This has resulted in the precipitation of salt crusts despite SO,/Mg ratios of 1.96 and 3.94 compared with lower or near equivalent ratios in the other hypersaline lakes. Here the chemistry indicates that considerable amounts of calcium, sodium and chloride have been lost from solution (when compared with local seawater) resulting in a littoral efflorescent salt crust. The salt crusts were not analysed but are likely to be deposits of mirabilite (Na,S04.lOH,O), hydrohalite (NaC1.2€40) calciumchloride and-other less abundant precipitates -deposited through selective crystallisation during the concentration process (Thompson & Nelson 1956) . Continued growth of these crusts is indicated by their rupture into raised 'polygons'. ( I ? 7 and 9): Rauer 7 is an outlier with a SO, /Mgratioof23.99 indicatingthat theevaporationofmeteoric water may be a more important in maintaining salinity when compared with mesosaline Rauer 9 and the other lower altitude Rauer lakes where low SO,/Mg ratios indicate that relict sea water plays a greater role (Burton 198 1) .
Mesosaline lakes
Hyposaline lakes (RS and 10):
In the hyposaline lakes chlorinities are typically lower than that of local seawater. This is because solutes from chemical weathering, acquired during catchment snowmelt, and concentrated through evaporation are the main influences on the water chemistry of these higher altitude lakes. These lakes are surrounded by extensive catchment snowfields accumulated in natural rock hollows or as wind tails on the downwind edges of prominent hills. This ensures a regular input of meltwater each year which is approximately equivalent to water loss from evaporation and overflow.
Nutrients and organic carbon
The nutrient concentration in the lakes is low indicating oligotrophy. Silicate and phosphate are within the ranges reported for the Vestfold Hills (Roberts & McMinn 1996) . NO, and NO, were below detection limits. TOC and DOC were measured in Rauers 2 4 and 4 respectively. We cannot explain these data but they may be influenced by excreta from the birds visiting the catchments.
Biology
In concert with the chemical data, diatom and pigment data indicate that the Rauer Island lakes are dstinct amongst lakes currently sampled from the Prydz Bay oases. They are further characterized by an apparent absence of zooplankton and zoobenthos and an aquatic ecosystem dominated by microscopic algae and cyanobacteria. Similar lakes have been described from theRoss Sea sector ofAntarctica (Vincent & James 1996) . The successful biota is defined both through its ability to survive and adapt to the considerable physical and chemical challenges presented witlun these lakes and through the limits on colonization and re-colonization resulting from biogeographical isolation. Salinity is the principal challenge. This fluctuates throughout theyear, particularly during winter ice formation as salts become concentrated into brines and in summer when there can be rapid dilution due to meltwater entering the lakes (Mataloni el al. 1998) . In these shallow lakes the whole water column may also be frozen to the bottom in winter with organisms having to survive lack of a liquid phase (Schmidt el al. 1991) . During the lowest winter temperatures, water in the hypersaline lakes is llkely to turn to slush and in the meso-and hypo-saline lakes winter ice would form and remain for a period inversely proportional to the salinity of the lake. Salinity also lowers the freezing point of water which for the Vestfold Hills has been recorded as low as -18°C (Ferris et al. 1988 ) to -28°C (Kerry et al. 1997 . The result is that, in winter, organisms may experience water temperatures consistently below -10°C in the more saline lakes. Conversely, in summer, with dark rocks surrounding most of the lakes, the littoral biota may have to survive elevated temperatures and desiccation (and osmotic stress) particularly in those lakes that experience an excess of evaporation over water inputs and consequent large changes in water level. Studies of shallow ponds at Cape Evans have also recorded large changes in pH and nutrients (Schmidt et al. 199 1) . Ultraviolet radiation presents an additional challenge which has been elevated in recent years as a result of the Antarctic spring ozone hole (Jones & Shanklin 1995) . Together the physical and chemical conditions exert a major control on the species composition and activity in these lakes and may account for the absence of zooplankton and zoobenthos (cf. Vincent & James 1996) though microcrustacea have been recorded in freshwater lakes in the nearby Vestfold Hills (Laybourn-Parry et al. 1991) .
The first response to these challenges is the displacement of the bulk of the biota from the water column to the sediments. Pigment data indicate avery sparse plankton with chlorophyll a being detectable in only four of the lakes sampled (Table IV) together with a selection of accessory pigments. The only exception is Rauer 9 where active snowmelt during sampling may have entrained benthos into the water column, possibly importing allochthonous catchment cyanobacteria. The absence of a well-developed planktonic diatom flora is not unusual in Antarctic lakes where most of the biological production is benthic (Jones 1996) . The spring sampling date of this study may under-represent the plankton particularly as it closely follows the period when the lake water would have been frozen to the sediments (with consequent encystment and resting strategies adopted by the plankton). In contrast, in other Antarctic lakes where there is a liquid phase in winter, planktonic biological activity and photosynthesis resume as soon as the light returns (Butler 1999) .
Biological data from the sediments are quite different. Here pigments indicate that a diversity of cyanobacteria, diatoms and green algae meet the environmental challenges posed by these lakes. However, there is no simple relationship between aggregate biomass (as determined by total pigment concentration per g TOC) and salinity and it is therefore likely that a combination of factors constrains the biomass and species composition of individual lakes. PCA permits the lakes to be divided into three biological clusters. Rauers 7 , s and 9 (hyposaline and mesosaline lakes) contain the most diverse range of micro-algae in the sediments as would be anticipated from studies of saline lakes elsewhere in Antarctica (Wright & Burton 1981) . Rauer 10 is the exception amongst the hyposaline lakes having a weak micro-algal signal. Ofthe hypersaline lakes, Rauers 2 and 4 are dominated by cyanobacteria, indicated in particular, by the pigment scytonemin. The remaining hypersaline lakes (1. 3,5 and 6) contain an extremely sparse flora with only cyanobacteria being detccted by the pigments and a limited diatom flora present under light microscope observation. This isconsistent with the highly limited flora reported in some saline lakesfroin the Vestfold Hills (Wright & Burton 198 1) and elsewhere in Antarctica (Heywood 1984) .
Whilst cyanobacteria dominate, diatoms are the secondmost abundant organisms in terms ofbiomass, as indicated by the pigments anddirect observation, (Fig. 6) . The diatoms live interstitially amongst the filamentous cyanobacteria. While winter ice formation inhibits diatom growth in the water column, data indicate thc presence of a living benthic flora. The hypersaline Rauer lakes harbour a significantly different diatom flora than lakes of comparable salinity in the Vestfold Hills. In contrast, the hyposaline and mesosaline lakes ofboth regions have a similar diatom flora dominated by Pinnularia microstauron and Luticola cf. muticopsis. These taxa are typical for many freshwater and terrestrial habitats in continental Antarctica (Jones 1996) . In the Vestfold Hills, lakes with salinities >30 mS cm-' are dominated by Navicula directa, brackish water lakes by Navicula cf. salinarum Grunow, Navicula adminii, Navicula cf. detenta Hustedt, Stauroneis cf. salina and Chaetoceros sp. (Roberts & McMinn 1996 ,1999b ) Chaetoceros sp. was only sporadically observed in hypersaline Rauer 1, and planktonic forms were not observed in any of the Rauer Island lakes. These differences are at least partially attributable to lake morphometry and size. Saline lakes sampled in the Vestfold Hills area (for which data are available) are generally deeper and some are meromictic while the Rauer Island lakes have shallow basins. Nevertheless, direct ordination (not presented) indicated that conductivity dominated the first axis of variation in the data. The presence of Chuetocerosin the Vestfold sediments reflects the presence of a planktonic diatom assemblage, which is almost absent in the Rauer lakes. In all Rauer lakes, a subset of 1-4 species accounted for more than 90% of the &atom cells observed in the samples, the most saline lakes being virtually dominated by one single species, Navicula sp. 1. The total number of species recorded varies between 4 and 16. These figures possibly overestimate the true species richness because of the presence of allochthonous species washed in from the lakes' catchments (e.g. P. microstauron in the most saline lakes) or blown in by sea spray (e.g. Fragilariopsis spp.). Moreover, due to taxonomic uncertainties relating to the identity of hypersaline pennate diatoms, it is difficult to compare our data with those ofother Antarctic saline habitats. Further taxonomic investigations are in progress.
Finally, the shallow depth of many ofthese lakes means the biota is exposed to high light intensities, particularly during spring when the Antarctic ozone hole elevates the dose of ultraviolet radiation. The h g h incidence of UV radiation does not appear to inhibit cyanobacterial growth, on account of the synthesis, both in the plankton and benthos, of the extracellular pigment scytonemin, known to function as a UV sun screen (Garcia-Pichel& Castenholz 1991 , Leavitt et al. 1997 . This corresponds to the observation that the sheaths of many of the cyanobacteria are dark-coloured under the microscope. In contrast the chlorophylls, whch are used in photosynthesis, are in relatively low abundance. The major cellular effort in these cyanobacteria is therefore directed towards protection rather than photosynthesis. This is carried out in three stages, first, a rapid increase in the carotenoids echinenone, canthaxanthin and myxoxanthophyll, second by the increase in UVAB absorbing mycosporine (measured in cyanobacteria from thc Larsemann Hills -DAH) and finally synthesis of scytonemin (Ehling-Schulz et al. 1997) . Excess heat may also beaproblemasevidenced by the occurrence ofthe xanthophyll cycle pigment zeaxanthin which has been demonstrated to disperse excess energy (Demmig-Adams & Adams 1996) although the precursors of the epoxidation (violaxanthin and antheraxanthin) were not detected. Mechanisms to survive UV and high light irradiances are therefore well developed in these cyanobacteria and possibly confer a competitive advantage through the preferential inhibition of eukaryotic algae (Vinebrooke & Leavitt 1999) .
Conclusions
This study has analysed ten of more than 50 lakes in the Rauer Islands. These preliminary results indicate that the islands merit further limnological examination particularly with respect to understanding the strategies employed by lacustrine biota to meet the diverse challenges posed by their physical environment in the absence of a 'top down' grazer community. The data support the conclusion of Vincent & James (1996) that environmental extremes plus biogeographical isolation control the species composition and biodiversity in coastal Antarctic lakes and that wide environmental tolerances and adaptation are a pre-requisite for survival.
